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Abstract Tide; Fhsnroscfcutlcai compoismte 

{Si) TM idvsbdosi pifdvsdes novel isomers of dshydrotstrabenaxiros, rsarnely 3,1 1 b-e/^dilvydrotsirabehagi r«* : 
ksosyssks. Ateo provided sue w^tbocss for nsstkitit) the tsorvws, pha rrwaesoticai compositions cools sni ps 
them ami ds&Sf thf:rapr:i.:dc osos, io partfcudar sh« tremens of hyjxsffcioedc mcmanrmnt disorders sucsb p 
Hm&v&ynh dlseskso, bemibaHismns, mnite tic, tardive dyskinesia and Tourstt«'s syndroms,; and 

ihsi irs&tmmt: of depr»ss»fi-Thf? invention further provides synthetic intemuidtetas fpr xmt m Preparing, 
the isomers <*? the iHV&ntipn, 
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This invention tetem to novel dlhydroietmbesaxlae isomers, pharmaceutical 
(somposMons eoniainisg them, processes formating them and their therapeutic 
uses, 

5 Bacfap-eund of tfae laveadoa 

Tetrafcgnadne (Chemical mm$: l3£&7Mb~hzmh$^ 
me%Ipmpy1>2H-be^{a;K|akoiUzin-2-^8e} aas been m me as a pharmaceutical 
drug since the hie l$S0s, MMy used as an anti-psychotic, tetrabenasane is 
currently used for treating hyperkinetic movement disorders met as Huntington's 
10 disease, hemlMlisaius, senile chorea, tic, tardive dyskinesia and Toumtte^ 
syndrome, see for example Jankovic et al> 4m. ^ Psychiatry, {1999} Aug; 
1 56(8): 12^41 and Jankovic mumfegyi 1997) Feb; 48(2}:358~€2, 

The primary pharmacological aetfen of tetrabenairine is to reduce the supply of 
monoamines (e.g. dopamine, serotonin, and uompmephrme) m the central nervous 
1 5 system by inhibiting the human vesicular monoarn me itansporter isoform 2 
(bVMA'12), The drug also blocks postsynaptic dopamine receptors. 

Tetrabeitazase is an elective and safe drug for the treatment of a variety of 
hyperkinetic movetsaent disorders and, in contrast to typical neuroleptics, has not 
been demonstrated to cause tardive dyskinesia. Nevertheless, tetrahenasdoe does 
20 exhibit a number of dose-related side effects including causing depression, 
parkinsonism, drowsiness, nervousness or anxiety, iusomniaand, in rare cases, 
neuroleptic malignant syndrome. 

The central effects of tetratenadneciosely resemble those of reserpine, but it 
differs from reserpine in that it lacks activity at the YMAT1 transporter. The lack 
25 of activity at the VMAT1 transporter means that tetrabenasssrte has less peripheral 
acti vity than reserpine and consequently does not produce VMATi -related side 
effects such as hypotension. 

Thechemieal structure oftetrab^aaiaeis'as'snc^'MFig^ I below. 



o 

Figure 1- Btroetnre of ietrabenazirje 




The compound has chiral centres at the 3 and ! lb carbon atoms and hence can, 
theoretically, exist in a total of fear isomeric forms, as show in Figure 2, 



la Figure 2, the stereochem istry of each isomer is defined using the "R and S" 
nomenclature developed by Calm, Ingold and Prelog, sec Advanced Organic 
Chemistry by ferry March, 4* Edition, John Wiley & Sons, New York, 1992, pages 
109-114, in Figure 2 and elsewhere in this patent application, the designations "R" 
or "S" are given in the order of the position .numbers of the carbon atoms. Thus, for 
example, MS is a shorthand notation for Mi !M, Similarly, when three, chiral 
centres are present, as in the dihydrotetrar^narines described below, the 
designations M F or SS S" are listed hi the order of the carbon atoms 2, 3 sod 1 1 h, 
Thm, the 2SMJ isomer its referred to in short hand form as SMM and so on. 

Commercially available tetrahenazme is a rscemie mixtmo of the MM and SS 
Isomers and it would appear that the RM and isomers (hereinafter referred to 
individually or collectively as l&^^^biimiw-'beeaasei^ig hydrogen atoms at 





Ftgtire 2 -Possible tetmbenasrine- isomers 
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the 3 ami 1 lb positions have .a tmmmMixfs orientation) sere the most 
tfeermodynamicaHy stable isomers. 

Tetmfeenasrine has somewhat poor and Variable h\oAmihMlity\ It h extensively 
metabolised by first-pass metabolism, little or« imebanged tetrabenaziae is 
5 typically detected in the urine. The major metabolite is dihydjaneirahenazine 
(Chemical name: 2-bydt0xy^(2H?M 

dimethoxy~ber«5o(a)q«inol{2J»e) which is formed by .reduction of the 2-keto group 
In tetraben&sine, sod is believed to be- primarily responsible for the activity of &e 
drug (see Mefevat ei at, Drug Membmsp, 1|, 230»2S5 (1187) and J. Pkarm. Scl, 
10 76^0,6,461-465(1987)). 

-Four dihydrotetrabenazke isomers have previously been identified and 
characterised, all of them feeing derived from the more stable MR and $$ Isomers of 
the parent tetrafeenaxine and having a tram relative orientation between the 
hydrogen atoms- at the 3 and lib positions) (see fCilhoum $t : #{. t ,Chipaiity, 9:S9-t>2 
IS (1997) Brossi et sL, Huh. Chm^<m i v&,XM s H8. 193 s ppt7934 8Qo(!9S8), 
The lour isomera are {^•)-a-dibydroten'si>ena?iue > (-}^dibydroteirai>erm?ine ( 
dihydreteirabenszine and (~)-f}-dihydtotettabenaaine. The structures of the four 
known dihydrotetrabenaxine isomers are considered to be as shown m Figure 3. 




SRR OH RSS OH 



20 Figure 3 - Stmctnres of known isomers of dibydrotetrabeuazine 

Kilboum et a/. s (see Mm. J. J*Hmm<ml, 378:249-252 (1995) arid Med. Chem. Res. > 
5:113*126 (1994)) investigated tfee specific bmding of individual radio-iahelled 
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dil>ydrotettabe«az3He isomers hrthe eossotoas rat bmki. They foaad that the (TM- 
{' ^Idshydmietrahenazine (2R3M,UbM) isomer aceiumuiated in regions of the brain 
associated with higher eoneenhabohs of the rsuFonsliSiembfasje dopamine 
transporter (DAT) and the vesicular moao&mine transporter (VMA.T2), However, 
5 the essentially inactive 1 %|diSjsd6r^^#^Ets® isomer was almost 
uniformly distributed i» the |»aj« }: 's^^»g;^s specific binding to DAT grid 
VMAT2 was not occurring. The in vfyo- studies correlated with in vitro studies 
which demonstrated that the 'C]dihy<feotetrai)ena^ne isomer exhibits a K» 
for [•I4]methas>telrabeua?.ine >2Q0CMbid higher than the K ( for the (-}■«- 
10 [ n CphyditKefcahenadae isomer. 

To date, so far as the applicants are aware, the dihydrotetrabenazine isomers 
derived %»« the unstable 8$ and SM isomers (hereinafter referred to individually or 
collectively as c^-feferahenazme because the hydrogen atoms at the 3 and I lb 
positions have a cfe' relative orientation) of tetrabeuas-ine have not previously been 
15 isolated and characterised, and the biological activities of these compounds have 
not been published hitherto. 

ft has aow been found that dihydrotetrabeaazine isomers derived from the unstable 
MS mid SR isomers ("cis* isomers'*) of tetrabenazine are not only stable but have 

28 unexpectedly good biological properties.. In particular, certain of the isomers have 
receptor-activity profiles that are suggesti ve of a nomber of advantages over the 
M/SS tetrabenazme currently in use. For example, several of the isomers, although 
having high affinity for VMAT2, show greatly reduced or negligible binding of 
dopamine receptors indicating that they :are unlikely to give .rise to the 

25 dopaminergic side effects encountered with tetrahenszine. None of the isomers 
showed inhibition of the dopamine iraSspOrter (DAT), in addition, several of the 
isomers have very low affinities for adreaergie receptors which is strongly 
suggestive that they will not p^m0^-%m^m^'m^^& side effects associated 
with tetrabenasdne. Furthermore, whereas one of the side effects of tetraben&ziue is 

30 depression, several of the dihydroietralseriaidne isomers show an affinity for the 
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serotonin ttafflafcatw <SBRT)protein imlMdngfoatfoey may -have antidepressant 
activity. 

Accordingly, in a first aspect, the invention provides 3,1 th~cis- 
dihydmtetrabenmrins. 

5 In another aspect, the invehtion provide* a phsKttacemical composition comprising 
3J ib-m-dibydtotetxsbenaxine and a phafcmaeetrtieaily acceptable carrier. 

The invention also provides 3,1 1 b-m*dihydro(gtxatenszke in substantially pure 
form, far example at an isomeric purity of greater than 90%, typically greaser than 
95% asd more preferably greater than 98%. 

1 0 The term "isomeric purity" in the present context refers to the amount of ' W* 
dihydrotetrabenazine present relative to the total amount or concentration of 
dihydTOtetral?ena?in.e of ail isomeric forms. For example, if 90% of the total 
dibydrotetrsbeiwiae present in the composition is "c?^dihydrotctrabenazme, then 
the isomeric parity is 90%. 

15 The invention farther provides a composition comprising XI 1 b*cis* 

dihydn>ietrabenazine substantially Bee of 3,1 tb-^mw-dihydrotetrabenaziae, 
preferably containing less titan 5% of 3 J. 1 b^a.^Khhydrotetfabcnaaine, more 
preferably less than 3% of 3 J Ih^^dihydrotetraben^inc, and most preferably 
less than t% of 3,1 \b~mws~Mby4mtet^mum. 

20 is another aspect, the invention provides 3, 1 i b<fe-dihydrotetrabenaxme for use In 
medicine or therapy, for example in the treatment of hyperkinetic movement, 
disorders such as Huntington's disease, hemlhallismns, senile chorea, tic. tardive 
dyskinesia and Tourette's syndrome, or in foe treatment of depression. 

In a further aspect, the invention provides the use of 3,1 Ib-a^dfoydtotetrahenazine 
25 for the matiufactfoe of a medicament for the treatment of hyperkinetic movement 
disorders such as Maitttnpat's disease, heMbaltsmns, senile chorea, tie, tardive 
dyskinesia and Tourette's syndrome, or -'foe treatment of depression. 
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In a still further aspect, the trrvehtion provides; a method &r the prophylaxis or 
treatment of a hyperkinetic inovm^'S^j^''$^H.^'Htmtmgtoti's disease, 
feemihallismus, senile <^o^ v ti^'$^i\%:d^Hte$k' : ^d Tourettes syndrome, or 
the treatment of depression In a patient in need of such pjropaylaxis or treatment, 
which method comprises the adrnMstratjon of an effective prophylactic or 
therapeutic amount of 3,1 Ib-cf^dihydro^tfal^naEke. 

The term "3,1 1.b~m>- w as used herein means that the hydrogen atoms at the 3- and 
1 1 h-positioos of the dihydrotetrahenazine structure are la the *?& relative 
orientation, The Isomers of the invention are therefore compounds of the formula 
0) and antipodes (mirror images) hereof. 




Here are four possible isomers of dihydtotetrabenazme having the 3,1 ib~ci$ 
configuration and these are the 2S,3£,1 IM isomer, the 2A£&,1 1 hS isomer, the 
2R f M,l IbR isomer and the 2SM>, 1 1 bS isomer. The four isomers have been 
isolated and characterised and, in another aspect, the invention provides individual 
isomers of 3,! lb<?>dihydrotet.rsl>ena2ifie< In particular, the Invention provides: 

(a) the 2S3SJlb.R isomer of 3,1 1 b-ei^dihydrotetfabesiasine having the formula 
0a): 




(b) the 2R3R,l IbS isomer of 3 J ib~cis~d^dx<Mim^mmm^ having the formula 
Ob): 
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(c) the 213^1 I hi? isomer of 3,1 1 b^aftycteetraben^Ine having the formula 




OH 



(d) the 25,3^1 Xh$ isomer of 34 lb~efe-<lihy*otetrabenazitw having &e formula 




The individual, novel isomers of the invention can be characterised by their 
) spectroscopic, optical and ckrematograpfetc properties. Accordingly, and withopt 
Implying my particular absolute conilgMsiiors or sfemjdbemistry, the four novel 
isomers are characterised as follows: 

Isomer A 

ORD (methanol, 2l*C), {a»3 « 

111 Spectrum (KBr solid), 'H-NMR spectrum (CDCI 2 ) and !3 C-NMR spectrum 
(CDCI 3 ) substantially as described in Table 1. 

Isomer B 

ORD (methanol, 21°% [up] ^nm'ji? 
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1R Spectrum (KBr sc>M), f H~NMR spectrum (CDClj) and °€~NMR spectrum 
(CDCfc) substantially as described m laMe h 

ImmzC 

ORD (methanol, 2 PC), [o»j * +1505* 
5 m Spectrum (KB? solid), ! H~NMR s^rum (GDC^) and U G*MMR spectrum 
(CDCb) substantially as described in Table 2, 

ORD (methanol, 2l°C), |a D j * -145.7° 

IB Spectrum (KBr solid), *M~NMR sjpeetrum (CDCIj) and "C-NMR spectrum 
1 0 (CDO3) substantially as described m Table 2. 

In a further aspect, there is provided a. process (Process A) for preparing a 
dihydrotetiabeaarine of the invention, which process comprises the reaction of a 
eompou&dof the formula (li); 



with a reagent or reagents suitable for hydrehag the 2j~douMe boad in foe 
compound of formula (II) and thereafter where required separating and isolating a 
desired dibydmtetrabena«ine isomer form , 

The hydration of the 2,3-dooble bond can he carried mi by hydroboration using a 
20 feotane reagent such as dibomne or a k>raue~ether (e.g. Ixjrarje^etrahydroforari 
(IMF)} to give an intermtediate «B$|%aafeadd^ followed by oxidation of the 
alkyl borane adduct and hydrolysis in the pfesepee pf a base* The hydroboration is 
typically carried out in a dry polar nor^protlc solvem such as an etber (e.g. THF), 
usually at a uors-eievatcd temperature^, for exmnple rooip temperature. The herane» 
25 afkene adduct is typfcahy oxidised with an oxidising agent such as hydrogen 
peroxide in the presence of a base providing a source of hydroxide ions, such as 
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ammonium hydroxide or an alkali metal hydroitide, e>g. potassium, hydroxide or 
sodium hydroxide. The nydroboraiioh^^^ 

of Process. A typically pmvyes/cS%<i^!^l«^^'i$Qmm is which the 
hydrogen atoms at the 2- and 3~posita$ have a &>m$ relative Orientation, 

5 Compounds of the formula (II) cars be prepared hy reduction of tetmben&zkie to 
give a dihydrotetrabeaazine followed fey. dehydration of the dihydrotetrabenaslae. 
Reduction of the tetrabenaxine can be accomplished vsm$ m aluminium hydride 
reagent such as lithium alumismm hydride, or a borohydride reagent such as 
sodium borohyddde, potasalism feorohydride or a horohydtide derivative, for 

1 0 example an alky! borohydride such as lithium tri-sec-buty i borohydride. 

Alternatively, the redaction step can be effected using catalytic hydrogenatioa for 
example over a E&ney nickel orplatiaap oxide catalyst. Suitable conditions for 
performing the reduction step are described in more detail below or can be found in 
US 2,843,591 (Hoffmann- La Roche) sod Brossl et «/„ Hek. Chint Acta.* vol XU, 

1 5 No, 1 93, ppl 793- 1 806 (1 958). 

Because me tetfabeuaxine used as the starting materia) for the reduction reaction is 
typically a mixture of khz M and SS isomers (i.e. fraw-tets&bmmite% the 
dihydrotetrabenaxim? formed by the mduetion step will have Ibe same tram 
configuration about the 3- and l i b positions and will take the form of one or more 
20 of the known dihydrotetrabewdne isomers shown m Figure 3 above. Thus Process 
A may involve taking the known isomers of dihydrotetrabenazine, dehydrating 
them to form the alkene (0) and then "rxshydrating" the alkene (11) using conditions 
that give the required novel cm dihy drotenahenazine isomers of the invention. 

Dehydration of the dihydrotetrabenazine fo the alkene (11) can he carried out using a 
25 variety of standard conditions tor debydmting alcohols to form alkcoes, sec for 
example J, March (idem) pages 389~3§§ and references therein. Examples of such 
conditions include the use of phospkmis-based dehydrating agents such as 
phosphorus halides or phosphorus oxyhaiides, e.g. FOCh, and P€l 5 . As an 
alternative to direct dehydration, the hydroxy! group of the dthydroteJrahenazjne 
30 can be converted to a leaving group L such as halogen (e.g. chlorine or bromine) 
and then subjected to conditions (e.g. the pressure of a base) for eliminating H-L 
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Conversion of the hydroxy! group to a haiide can he achaeVed usi ng methods well 
known to the skilled chemist^ for example fey reaction with carbon teiracbloncle or 
carbon tefrabromide m the presence of a triaikyl or Mary! phosphlne such as 
iriphesyi phosphine or Mbtuyl phosphine, 

5 Tie tetrabeaasme used as the stMing material for the reduction to give the 
difeydroteirabeaazine can be obtained comm«cM!y or can be syuthesised by the 
method described in US 2,830,993 (HorImann4,a Roche). 

The invention also provides a process (Process B) for preparing a 
dihydroteuabenazine o f the invention, which process compri ses subjecting a 
.10 compound of the formula (111): 



to conditions for ring-opening the 2,3~epoxide group in the compound of Site 
formula Qll), and thereafter where required separating and isolating a desired 
dihydrotetrabeoazine isomer form. 

1 5 The ting-opening can be effected in accordance with known methods for epoxide 
ring openings. However, a currently preferred method of ring-opening the epoxide 
is reductive ring opening which can be achieved wmg a reducing agent such as 
bofsne-THF, Reaction with borane~TMP « fee carried out in a polar nojvprotk- 
solvent such as an ether (e.g. ietrahydrofiuan) usually at ambient temperature, the 

20 boraae complex thus formed being subsequently hydrolysed by beating in the 
pre sence of water and a base at the rellux temperature of the sol vent. Process B 
typically gives rise to dniydroMrabenadne isomers in -which foe hydrogen atoms at 
the 2« and 3-positions have a m$ relative orientation. 

The epoxide compounds of &^f^^^«^,(^^l)..©m•^se.3(^parsd by epoxidation of an 
25 aiksne of the formula (II) above. The epoxidatmrv reaction can fee carried out using 
conditions and reagents well known to the skilled ehenrisi, see for example J. 
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March (Mem), pages and refersnc«s iherefe, Typically, a per-acld such as 

ff^ftj-chloropsrbeaxok aeid (MCFBA^ or a mixture of a pet-aesd and a further 
oxidising agent mk m p^U<^:m^mf-M-^^-pi^ about epoxidatiort. 

Processes A and E above typically result in the i>rmatioo of pairs of eaaatsomefs, 
S for example raceroic mixtures, possibly together with diastereoisomerie impurities. 
Unwanted diastereoisonters can be removed by techniques such as chromatography 
{e.g. HFLC) and the individual enaoiionieos can be separated by a variety of 
methods known to the skilled chemist For example, they can he separated by 
means of 

10 (i) chital chromatography (chromatography on a ebiral support); or 

(«) forming a salt with an optically pore chiral acid, separating the salts of 
the two diastereoisomers by .{tacdonal crystallisation and then releasing die 
dihydtotetrabenaxine from the salt; or 

(pi) forming a derivative (such as aa ester) with an optically pure chiral 
1 S derivahsing agent (e.g. es$«rifyi»g agent), separating the resulting epimcrs (e.g. by 
chromatography) and then converting the derivative, to the diiwdroielrabena£ine> 

A prsferrsd method of separating pairs of enantwmers obtained from eaehof 
Processes A and 8, and which has been found to be particularly effective, is to 
esterify the hydroxy! group of the dibydrotsuabenaziue with an optically, active 
20 form of Mosher's acid, such as the M (*) Isomer shown below, or an active form 
thereof: 

\/ 

The resulting esters of the- two enantiomers of the dlhydrobenaidne can then be 
separated by chromatography (e.g. HFLC) and the separated esters hydrolysed to 
25 give the individual dihydroNuazme isomers using a base such as an alkali .metal 
hydroxide (e.g. NsOH) in a poiarsolveut such as methaool. 

Processes A and B are illustrated in moo; detail below in Schemes 1 and 2 
respectively. 
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(VI) singfe isomer 



Scheme 1 illustrates the preparation of individual dihydixjtetebenasiKe homm 
having the 2S S 35, 1 1 b« and £fe&«0n%«bm ' m which the hydrogen atoms 

arched to the 2- and 3-positioas are armnged in a tnms relative orientation. This 
reaction scheme includes Process A definM above. 

The starting point for the sequence of mac&ns in Scheme 1 is commercially 
available tetr&beaazme (IV) which Is a peemie Mixture of the RR aaa SS optica! 
isomers of tetrabeaasins. M each of the W&;w& SS isomers* the hydrogen atoms at 
the 3- and 1 1 h-posltiom are arranged in a fmm relative orientation, As as 
alternative to asiag the commercially available eoMpo^ ^ b e 

synthesized according to the procedure; deserlhed in US patent number 2 ,830,993 
(see m pkiimfat example 1 1). 
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The mcemic mixture of RR and m mabmzmm k reduced using the borohydridfe 
reducing agent lithium, tri-sec-huryl bsao^dd^ Cl^Seleetride"} to give a mixture 
of the kxtowi 2SMJm and IMMMhSmmms (V) of § hydroiatrsbenazme, of 
which only the 24»M isomer is shewu for simplicity. By using the more 
5 sterically demanding L-Seteetride as the tarohydride reducing agent rather than 
sodium borohydride. formation of the KM and SSS isomers of dihydro- 
tetmbenazme is minimised or suppressed. 

The dittydrotem&enazine Isomers (V) are reacted with a dehydrating agent such as 
phosphorus pentaehloride in a aon-protie solvent sueh as a chlorinated hydrocarbon 
W (for example chloroform or dichlorometharie, preferably dtchtoromethane) to form 
the unsaturated compound (II) as a pair of enantiomers, only the &-snantiomer of 
Wffch is shown m the Scheme. The dehydration reaetipa is typically carried oot at 
a temperature lower than room temperature, for- example at around 9-500, 

The unsaturated compound (II) Is thea subjected to a stereoselective rehydration to 
15 generate the dihydroteh-abenaiine (VI) and its mirror image or aa&pode (not 

shown) in which the hydrogen atoms at the 3- and 3 1 b-posnions arc arranged in a 
m relative orientation, and the hydrogen atoms at the 2- and positions are 
arranged in a trm? relative orientation. The stereoselecti ve rehydration is 
accomplished by a oydroboration procedure using bo.nme~THF in tetrahydmfuran 
20 (Tiff) to form an intemsedlate borane complex (not shown) which is then oxidised 
with hydrogen peroxide is the presence of a base such as sodium hydroxide. 

An initial purification, step may then be earned out (e.g. by M?tC) to give the 
product (V) of the rehydration reaction sequence as a mixture of the 2S3S, I IM 
and 2MJR, 1 1 bS isomers of which only iUWM 1 lot isomer Is shown in the 

25 Scheme. In order to separate the isomers, the mixture is treated with R (+) 
Moshers acid, in the presence of oxalyi chloride and dlmethylaminopyridine 
(DMA)*} m dkMoromethaae to give a pair ofdiastereoisomerie esters (¥0) (of 
which only one diasteresisomer la shown) which can then he separated using 
HPLC The individual esters can then be hydroiysed using an alkali metal 

30 hy droxide such as sodium hydroxide to give a single isomer (¥1). 



M 

Scheme 2 illustrates the psep&m$mM M^si^^lMbi^m^l^mdm isomers 
having ih&2R£S t 1 XbK m& ^S^IIMeoBfigumtsoM m Much the hydmge» atoms 
attached to the 2- and 3»psMons are arranged m & cis relative onmmkm. This 
reaction scheme includes Process B defined above. 

SeberMl 




(VI 1 0 single isomer 

In Scheme 2, the unsaturated compound (II) is pmduced by jedeeing tetebcnazise 
to give the 2S f SfU IbR m4 MMA IbS immm (V) of dihydrot«trabeas2j»e and 
dehydrating with PCk in the mastier described shave ia Scheme ! , However, 
iaslead of subjecting the compound (fl) to isydmbomSen, the 2 5 3-doubie bond is 
converted to an epoxide by reaction with mete<M<if0p&fb&XKMmMM (MCPBA) 



mid perchloric acid. The epmida&n reaction is conveniently carried out in m 
alcohol solvent such as m*ih^U:^ea%^'.i!B»i3^:^»!i temperature. 

The epoxide (VII) is thm m^cmM& m^mm& mm opening using borane-THF 
as eieelropMIc reducing agent to give as inieKaedlate horaue complex (sot 
shown) whichis then oxidised sad cleaved Mth hydrogen peroxide in the presence 
of an alkali such as sodium hydroxide to give a dmydxoMrabenadne (VIII) as a 
mixture of the IMMltM and ^StilhS isomers, of wMeit only the 28,3$, 1 IhR 
is shown for simplicity. Treatment of the mixture of isomers (¥111) with R (+} 
Mosher's acid in the presence ofoxalyl chloride and dime%iaminopyrldine 
(DMAP) in dlehloromethane gives a pair of epimetlc esters (IX ) (of which only 
one epiraer is shown) which can then by separated by chromatography sad 
hydrolysed with sodium hydroxide in methanol in the manner described above in 
relation to Scheme I , 

The chemical intermediates (0) and (III) are believed to he new and represent a 
further aspect of the invention, 

lyjMSi^ Properties aad Tberggeuric Uses 

Tetrabenaxine exerts its therapeutic effects by inhibiting the vesicular mosoamipe 
transporter VMAT2 in the brain and by inhibiting both presynaptic and post- 
synaptic- dopamine receptors. 

The novel dihydroteftrabenazine isomers of the invention are also inhibitors of 
VMAT2, with Isomers C and 8 producing the greatest degree of inhibition. Like 
tetrabenaziae, the compounds of the iriyeptbn have only a low affinity for VMAT1* 
the VMAT isoform found in peripheral tissues and some endocrine ceils, thereby 
Indicating that they should not prodaee the side effects associated with reserpine. 
Compounds C and 8 also exhibit m inhibitory activity against catechol O-methyl 
transferase (COMT), monoamine oxidase isofbrms A and S, and S~ 
hydroxytryptanune isoforms id and lb. 

Surprisingly, isomers € and 8 also show a remarlcabfe separation of V AMT2 and 
dopamine receptor aCtivt^%'t!M'#afeu^%y : ar« highly active In binding 
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VMAT2, both compounds exhibit only weak or tmth^M^teM d^mnim receptor 
blading activity and lack Dopamine Tran$f»rtef (OAT) binding activity. M fact, 
aom of the isomers exhibit significant DAT binding activity. This suggests that the 
compounds may Jack the dopmiaergtc side cf&ets pro<tee<! by totrahenadne. 
Isomers C arad 8 are also either weakly active or inactive as inhibitors of the 
synergic receptors and this suggests that the compounds may lack the adrenergic 
side effects (such as sedation) often encountered with tetrafeenazine, 

Furthermore, both Isomer C and Isomer B are potent inhibitors of the serotonin 
tnmsporter protein SER F. Inhibition of SBRT is one mechasism by which 
antidepressants such m fluoxetine (Prozac®) exert their therapeutic effects. 
Therefore, the ability of Isomers C and 8 to inhibit SERT indicates that these 
isomers may act as antidepressants, in marked contrast to tetrabenazine for which 
depression is a well recognised side effect. 

On the basis of the studies carried out to date, it is envisaged that the 
dihydfotetrabenaxine cdmpcmnds of the invention will be useful in the prophylaxis 
or treatment of the disease states and conditions for which tetrai^nasine fa cmtsolly 
used or proposed Thus, by way of example, and without fimhatiOK, the 
dihydroietraheuaihne eompounds of the invention may he used for the treatment of 
b^ericmetie movement disorders such as Huntington's disease, hemibalilsmus, 
senile chorea, tie disorders, tardive dyskinesia, dystonia and Toureite's syndrome, 

it is also envisaged that the dthydrotetrabeaaalae compounds of the invention may 
be useful In the treatment of depression. 

The compounds will generally be admtetered to a subject in need of such 
administration, for example a human or animal patient, preferably a human. 

The compounds will typically he atemistered in amounts that are tlterapeutically 
or propbyiactleally useful and which generally are noo4o^ie. However, in certain 
situations, the benefits ofad^j^^i^/a^ftiyiiro^^aaa^ compound of the 
invention may otnweigb the dtsadvantages of any toxic effects or side effects, in 
which case it may be considered d«siraMe to administer compounds hi amounts that 
are associated with a degree of toxicity > 

>::aM:'V:;;b; 
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A typical daily dose of the eomp^wnd cm he in the ranp from 0,025 milligrams to- 
5 milligrams pet kilogram of body weight, for example Hp to 3 milligrams per 
kilogram of body weight, and more typically OJS milligrams to 5 milligrams per 
kilogram of body weight although higher or lower doses may b« administered where 



requires. 



By way of example, an initial starting dose of 12S mg may be administered 2 to 3 
times a day. The dosage can be increased by 12,5 mg a day every 3 to 5 days until 
the maximal tolerated and effective dose is reached for the individual as determined 
by the physician. Ultimately, the quantity of compound administered will be 
1 0 commensurate with the nature of the disease or physiological condition being 
treated and the therapeutic benefits and the presence or absence of side effects 
produced by a given dosage regimen, and wil l be at the discretion of the physician. 

The invention also provides dibydroietrabenaane compounds as hereinbefore 
15 defined in the form of pharmaceuiieai compositions. 

The phannaeeutieal com^sltions can be in any form suitable for oral, parenteral, 
topical, intranasal, inirabroneiuai, opht^hnie, otic, rectal, intra-yagmai, or 
tmjsdennal administration. Where the compositions are intended for parenteral 
administration, they can fee formulated for intravenous, intramuscular, 
20 intraperitoneal , subcutaneous administration or for direct delivery into a target 
organ or tissue by injection, infusion or other means of delivery. 

Pharmaceutical dosage forms suitable for ore! administration include tablets, 
capsules, caplets, pills, lozenges, syrups, solutions, sprays, powders, grannies, 
elixirs and suspensions, sublingual tablets, sprays, wafers or patches and buccal 
25 patches, 

Pharmaceutical compositions contaming the dihydrotetrebena^ne compounds of 
the invention can be formulated m acermianee ^&:^wa.tecfa»ques, see for 
example, Remington's PfeamaeeudeafSciences/M 
Baston, PA, USA, 



m 

Xhns, tahkt compositions can contain a mk dosage of active compound fogethsr 
with as inert dOueni or earner such as a sugar or sugar alcohol, eg; lactose, sucrose, 
sorbfe! or mamitvl; and/or a aoa^sngar derived dilue^ such as sodium carbonate, 
calcium phosphate, talc, calcium carbonate, or a eslMose or derivative thereof such 
as methyl cellulose, ethyl cellulose, ^tesp^yl^ftylceiiijlose, and starches 
such as com starch. Tablets may also contain such standard ingredients as blading 
and granulating agents such as p<dyvinylpyrro!id0n.e 5 dismtegrants (e.g. sweliable 
crosslinked polymers such as erossfmked carfjcacymethylceUufose), lubricating 
agents (e.g. stearates), preservatives (e.g. parabens), antioxidants (e.g. Bill), 
buffering agents (For example phosphate or citrate buffers)., aad effervescent agents 
such m citrate/bicarbonate mixtoes, Sach exeipients are well Ismvm m& do not 
.need to-be discussed m detail .here. 

Capsule formulations may be of the hard gelatin or soft gelatin variety and can 
contain the active component in solid, semi-solid, or liquid form, Gelatin capsules 
can be formed from animal gelatin or synthetic or plant derived equivalents thereof. 

The solid dosage forms (e.g,; tablets, capsules etc.) can be coated or unseated, bat 
typically have « coating, for example a protective film coating (e.g. a wax or 
varnish) or a release controlling coating. The coating (e.g. a Bodragit ™ type 
Polymer) can be designed to release the active component at a desired location 
within the gastrointestinal tract. Thus, the coating caa he selected so as to degrade 
under certain pH conditions within the gastrointestinal tract, thereby selectively 
release the compound in the stomach or la the Ueam or duodenum. 

Instead of, or in addition to, a coating, die drug can he presented Is a solid matrix 
comprising a release controlling agent, for example a release delaying agent which 
may he adapted to selectively r^ase the compound usder conditions of varying 
acidity or alkalinity in the gastrointestinal tract. Alternatively, the matrix material 
or release retarding coating can take the form of an credible polymer (e.g. a mai eic 
anhydride polymer) which is substantially continuously eroded as the dosage form 
passes through Hie gastrointestinal tract. 
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Compositions for topical use Include omtaieafe, creams, sp^ys, patches, gels, 
liquid drops and. inserts (for example intraocular inserts). Such compositions can be 
Ibfffitiiated in accordance with Imown methods. 

Compositions for parenteral administration m typically presented as sterile 
5 aqueous or oily solutions or fine suspensions, or may be provided in finely divided 
sterile powder form for making up extemporaneously with sterile water for 
injection. 

Examples of formulations for rectal or intra-vaginal administration include 
pessaries and suppositories which may be, for example, formed, from a shaped 
1 0 raonldahk or waxy material containing the active compound. 

Compositions for administration by inhalation may take die form of inhaiable 
powder compositions or liquid or powder sprays, and can be administrated in 
standard form using powder inhaler devices or aerosol dispensing devices. Such 
devices are well known. For administration by inhalation, the powdered 
15 .taulations typically comprise the active compound together with an inert solid 
powdered diluent such as lactose. 

The compounds of the inventions will generally be presented in unit dosage form 
and, as such, will typically contain sufficient compound to provide a desired level 
of biological activity. For example, a formulation intended for oral administration 
20 may contain from 2 milligrams to 200 milligrams of active ingredient, snore usually 
from 1.0 milligrams to 100 milligrams,^ example, ! 2.5 milligrams. 25 milligrams 
and 50 milligrams. 

The act ive compound Will be adm inistered to a patient In need thereof (for example 
a human or animal patient) In an amount anfSeienl to achieve the desired 
25 therapeutic effect. 

EXAMPLES 

The following non-limi ting exampies illustrate fee synthesis and properties of the 
dihydrotetyalxinazins compounds of the invention. 
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EXAMPLE ! 



EiSBgMloa of MMMM md IQiU iMIsome m of Dffavdrotetmhenaafle 



1 A. Reduction, of RM./SS Tfetrahea^jag- 



CH,Q 



CH,D N .-v 

H OH 
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X v 

H OH 



1U L'Setectdde^' in t«trahydrofaim<ll5 M,.135mjaol > 2.87 eq) w*$ added sfewl 
over 30 minutes to a stirred solution: oftetrabenasdne RWSS rseemate (IS g P 47 
mmoi) iri ethauol (75 ml) and tetrahydro&ran (75 mi} at 0 X, After addition was- 
complete $&:B»xjtere was stirred at 0 Tier 30 minutes and then allowed to warm 
to room tempemUire. 

The mixture was poured onto crushed ice {300 g) and wdier (100 ml) added., The 
solution was extracted with diethyl ether (2 x 200 ml) and the combined ethereal 
extracts washed with water (100 ml) and partly dried over anhydrous potassium 
carbonate. Drying was completed using anhydrous magnesium sulphate and, after 
filtration, the solvent was removed at reduced pressure (shielded from the light, 
bath temperature <20 X) to afford a pafe yellow solid 

The solid was slurried with petroleum ether (30-40 X) and filtered to afford a 
white powdery solid (12 g, §0%). 



IB, Dehydration > 
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H OH 

Phosphorous pmachioride (32.8 g, 1 57.5 anw?, 2.5 e$ was added in portions over 
30 minutes to a stirred solution of the reduced tetraberwine product from Example 
iA (20 g s 62,? mmol) in dkMommethane (200 ml) at 0 *C. After the addition was 
cprpplete, the taction mature was stirred at 0 *C for a further 30 minutes and the 
solution poured slowly into 2M aqueous sod&aa carbonate solution containing 
crushed Ice <0 *£}, Qac« the initial acid gas evolution had ceased the mixture was 
basitlsd (ea, pH 12) using solid sodium carbonate. 

The alkahne solution was extracted using ethyl acetate (800 ml) and the combined 
organic extracts dried over anhydrous magnesium sulphate. After filiation the 
solvent was removed at reduced pressure to afford a brown oil, which was purified 
by column ekomatography (silica, ethyl acetate) to afford the semi-pure alkene as a 
yellow solid (10,87 g, 58%). 

IC. Hydration of the Crude Alkene from Example .1B 



cap" 



s i H OH 

iff } | — - 

f T 

H' i Lh 

H OH 
2.*?.?.#?.t>fc3 
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A solution of the crude alkenc (1&&7 g s 36.1 1 mroei} tarn Example IB is dry THF 
(52 ml) at room temperature was treated with !M borMie-f HF ( 155,6 ml 155,6 
mmol, 4,30 ©q). added in a dropwisrisamm Use was stirred for 2 hours, 

water (20 ml) was added sad the wMm fe^sf^d to pH 12 with 30% aqueous 
sodium hydroxide solution. 

Aqueous 30% hydrogen peroxide soiuliou (30 ml) was added to the stirred alkaline 
reaction mixture and the solution was heated to reflux .for I hour before being 
allowed to cool. Water (1 00 ml) was added and the mixture extracted with ethyl 
acetate (3 x 250 mi). The organic extracts were combtaed and dried over 
anhydrous *»ag»ssiura sulphate and after filtration the solvent was removed at 
reduced pressure to afford a yellow oil (9 g). 

The oil was purified using preparative RPLC (Column: Lkhrospher SI60, 5 fan, 
250 x 21,20 mat, mobile phase: hexane : ethanoi : dlehioromethane (g5:15;5} ; * UV 
254 ran, flow: 10 ml mm 1 ) at 350 mg per injection followed by concentration of the 
fatetioss of interest under vacuum. The product oil was then dissolved In ether and 
«e^a|fS^ o^«;i»^ w ^:y^a fl! { to give the reduced tetrahenazine raeemate 
shown above as a yellow foam (5.76 g, 50%), 

|,1P., Preparation of Mosher's este? derivatives 

HO HO 

0 S« ■ * o*\M 

I J 



i\ 



R<+>a-msrlioxy~a-tri0u^ (5 g ? 21.35 mmolk oxalyl 

chloride (2 ,02 ml) end BMP |t).M mi) were added to anhydrous diehloronmthane 
(50 mi) and the solution was stirred at room temperature for 45 i»irjutes> lie 
solution was concentrated under reduced pressure and the residue was taken up in 
anhydrous dieMoromethane (50 ml) once more. The resulting solution was cooled 
using an ice- water bath and dimethyiaaMnopyridlne P-S3 g } 3134 mmol) was 



CAMiO «38) 



added follo wed by s pre^riM solution {over 4A sieves) in anhydrous 



dichloromethmte of the solid prodtset of Bssamplfe IC (5 g s B.6" mmol% After 
aturiag st room temperature for 45 mkutes, water (234 ml) was added and the 
mmtere extracted with ether (2 x 260 mt}> lie ether extract was dried over 
aahydmus magnesium sulphate, tmmi&M&s>pa& of silica and the product 
eloted using ether; 

The collected ether duals was coventrated imder reduced pressure m afford an oil 
which was purified using column cisternography (silica, hexane : ether (10:1 )% 
Evaporation of the collected column fractious of interest a»d removal of fee solvent 
&i reduced pressure gave a solid which was further purified using column 
chromatography (silica, hexane : ethyl acetate (1:!)) to give three main components 
which were partially resolved into Moshers ester peaks .1 and 2. 

Preparati ve HPLC of the three components (Column: 2 x Ochrosnhe? Si60 5 urn 
250 x 21,20 mm, moMie phase; hexans : isopropanol 07-3% UV 254 .am; Sow: 10 
ml mm >■) at 300 mg loading followed hy concentration of the factions of interest 
trnder vacuum gave the pthe Mosher\s ester derivatives 

Peak 1 (3.89 g, 46.5%) 
Peak 2 (2.7% 33%) 

The fractions corresponding to me two peaks were subjected to hydrolysis to 
liberate the individual dih.ydrotetrahe.aa?:ine isomers identified and characterised as 
Isomers A and B , Isomers A and 8 are each believed to have one of the following 




H OH 
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Aqwotis 20% sc&m hydroxide sohitlSs-<8 l 75 ml) was added to a solution of 
Mother's ester peak I (3.8$ g f 7.27 mmoi) In methanol (260 mi) and the mixture 
stirred and heated to wfinx for 150 mmatesi Af&r cooling to room temperature 
water (200 ml), was added and the solution extracted ivith ether (600 ml), dried over 
5 anhydrous magnesium sulphate aud after filtration, concentrated under reduced 
pressure. 

The residue was dissolved using ethyl acetate (200 nil), the solution washed with 
water (2 x 50 mi), fee organic phase dried over anhydrous magnesium sulphate and 
after filtration, concentrated under reduced pressure to give a yellow foam. This 
10 material was purified by column chromatography (silica, gradient elutioa of ethyl 
acetate : hexsne (1:1) to ethyl acetate). The fractions of interest were combined and 
the solvent removed at reduced pressure. The residue was taken up in ether and the 
solvent removed at reduced pressure once more to give Isomer A as an ofi-white 
foam (LI g s 4?%), 

15 Isomer A, which is believed to have either the 2SMJ \bR or 2#,3A,Uh3> 

configuration (the absolute stereochemistry was not determined), was characterized 
by J B-NMR S !3 C-MMR, IR, mass spectrometry, ehkal HPLC and ORB, The IE, 
NMR and MS data for isomer A are set out in Table I and the Chitai HPLC and 
0R0 data ate set out in Table 3. 

20 IF. Hydrolysis ofFeak 2 to give I somer B 

Aqueous 20% sodium hydroxide solution (62,5 ml) was added to a solution of 
Mother's ester peak 2 (2.78 g, 5J9 nimol) in methanol (IBS ml) and the mixture 
stirred and heated to reflux for 150 minutes. After codling to room temperature 
water (142 mi) was added and the solution extracted with ether (440 nil), dried over 
25 anhydrous magnesium sulphate and after filtmtion, concentrated under reduced 
pressure. 

The residue was dissolved using ethyl acetate (200 ml) s the solution washed with 
water (2 x 50 mi), the organic phase dried over anhydrous magnesium sulphate and 
after filtration, concentrated under redneed pressure. Petroleum ether (30-40 *Q 
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was added to the residue aad ike solution concentrated midet vacuum once more to 
give IsoraerB as a white foam. (J .34 g, 81%), 

Isomer B, which .is believed to have either the W^Sj lhR or 2i?3iy IbS 
configuration (the absolute stesK^Mis^ V^/iK^ iBte^iiied), was dmracterteed 
5 by S B~NMR, ! 5 C~NMR ? tK ibsss spectrometry, chiral HPLC and ORD. The IR, 
NMR and MS data for Isomer 8 are set out is Table 1 and the Chirai HPLC sad 
ORD data are set out in Table 3. 

EXAMPLE 2 

ggpgMkm of 2RJSJJM and. 2^3.^ J. IM. Isomers of PihydrotefraMMgmg. 

10 2 A. Prep arat ion of 2 J-DehydroteCrabeoazioe 

A solution containing a taeemic mixture (1 S g 5 47 mmol) of RR and 
ieirubena&iae eaantiomers i« letrahydrofurao was subjected to reduetioa with L~ 
SeleeMde® by the method of Example IA to give a mixture oUb&2S,3M f iihk and 
ZR^SMhS eaaatiomers of dihyd.rotetmbena2it1e.as a white powdery solid (12 g, 
15 W%). The partially purified dihydix^etrabcnaxine was then dehydrated using PCI5 
according to the method of Example IB to give a semi-pure mixture of ! 1 hi? and 
1 1 W isomers of 23 < defeydmtetmbe»aza*e (the I lh& enantiomer of which is showa 
below) as a yellow solid (12,92 g, 68%). 
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20 2!i B^xidMos.M.te.CriKle Alkeue from Example 2A 
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To a sfed solution e'f&e erode altese from Example M (12,92 g, 42,9 mmol) in 
methanol (215 ml) was added a solution of '70% perchloric acid (3.70 ml, 43 mmol 
In methanol (21 S ml). 77% S^ChloropeMxyhero&ie acid {15.50 g ? 65 mmo!) was 
added to the reaction and the resulimg mkture was stirred for 1 8 hoars at rooin 
temperature protected from light. 

The reaction mixture was poured into «tnraied aqueous sodium sulphite solution 
(260 ml) and water (200 ml) added, Chiomferm (300 mi) was added to the 
resulting emulsion and the mixture hasified with saturated aqueous sodium 
bicarbonate (400 ml). 

The organic layer was collected and the aqueous phase washed with additional 
chloroform (2x150 ml). The combined chloroform layers were dried over 
anhydrous magnesium sulphate and after fdtratson the solvent was removed at 
reduced pressure to give a brown oil (14.35 g, yield > 100% - probable solvent 
remains in product). This material was used without further purification. 



2C> Reductive Ring Op ening of the Epoxide from 2B 
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A stirred solution, of the crude epoxide from Example 28 (14.35 g, 42,9 mmol, 
assuming 100% yield) in dry THF (80 miy was treated slowly with 1M borase/TMF 
(184,6 ml, 184,6 mmol) over 15 minutes. The reaction was stirred tor two hours. 
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water (65 ml) was added apd.tfce.'soiudos heated with stia^.tb. for 30 
minutes. 

After cooling* 50% sodium hydroxide sokJioa (§7 ml} was added to the reaction 
mixture followed by 30%:.h^p^^XiiB:^Moa:(4S,6 ml} and the faction 
■was stirred arid heated to refiux for m additional I hour. 

The cooled reaction mixtnre was extracted with ethyl acetate (500 ml) dried over 
anhydrous magnesium sulphate and after Miration the sol vent was removed at 
reduced pressure to give an oil Hexane (130 ml) was added to the oil and the 
solution ^concentrated under reduced pressure. 

The oily residue was purified by column chromatography (silica, ethyl acetate). 
The fractions of interest were combined and the solvent removed under reduced 
pressure The residue was purified once more using column chromatography 
(silicas gradient, hexane to ether). The fractions of interest were combined and the 
solvents evaporated at reduced pressure to give a pale yellow solid (lit g, 38%). 

SfoBratttttfea of Mosher's ester derivatives of thelOSJ lbi? and ZftSj^llhfl 
Isomers of Dihydmtetra ben adne 



R^)-a-niefi^xyct«frMi^F(^^^»yi.aceg0 arid {$M g t i 9,98 mmot) s oxalyl 
chloride ( 1 ,90 mi) and DMF {&! 3 ml) were added to anhydrous dichloromeifeane 
(46 mi) and the solution stirred at room temperate ibr 4 5 minutes. The solution 
was concentrated under reduced presaure and fje residue was taken up in anhydrous 
dkhloromethane (40 mi) hnee more. He resuhuig solution m&- cooled using -an 
ice-water bath arid dimeftylamtnopyridme {3.65 g» 29.17 mmoi} was added 
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followed by a pre-dried solution (over 4&sleves) m anhydrous di#fors)jBetlMie 
{20 mi) of the solid pmdmA efExat^le 2G (4M% 14 J mmoIX After stirring at 
room temperature tor 45 minutes, water {234 hd) w^s added and the mixture 
extracted with ether (2 x 200 mi)> The ether extract was dried over anhydrous 
magnesium sulphate, passed though a pa4 of silimand the product elated nring 
ete. 

The collected ether eluate was eoneeMrnied under induced pressure to afford art oil 
which was purified «s«jg column chromatography (silica, heme : ether (1:1 )). 
Evaporation of the- collected column Iractinus of Interest and removal of the solvent 
st reduced pressure gave a pink solid (6,53 g) 

Preparative HPLC of the solid (Colurom 2 x Liehrospher Si60, 5 jim, 250 x 21 .20 
mm; mobile phase fcexane : isopropanol (#?:% IIV 254 xm How; 10 ml mirf 1 } at 
100 m$ loading followed by eoneennatson of the fractious of interest under yaedum 
gave a solid which was slurried with petroleum ether {30*40 °C) and collected by 
HltMiou to give the pure Mother's ester derivatives 

Peak 1. (2,37 g, 30%) 

Peak 2 (2,42 g, 30%) 

The fractious corresponding to the two peaks were subjected to hydrolysis to 
Itberate the individual dihydrotetrabeturzine isomers Identified and characterised m 
isomers C and I>. Isamm C and D are each belie ved to have one o f the following 
structures 



H OH OH 

2F. Hydrolysis of Peak ! to give lsomgrC 

20% aqueous sodium hydroxide solution C53 ml) was added to a stirred solution of 
Moshef s ester peak 1 (2.3? g, 4.43 mmof) m me&ano! (US ml) and the mixture 
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stirred at refitbs for 1 SO minutes,. After cooliag water (88 mi) was added to the 
reaction mixta*© and the resuming station extracted with ether (576 ml). The 
organic extract was dried over anhydrous magnesium sulphate and after filtration 
the solvent temoved at reduced pressure. Ethyl aeetate (200 ml) was added to the 
5 residue and die solution, washed with water p x 50 ml). The onpnie solution was 
dried over anhydrous magr^simn sulphate mi after filtration fee solvent removed 
at reduced pressure. 

This residue was treated with petroleum ether (30-40 °C) and the resulting 
suspended solid collected by filtration. The filtrate was conciliated at reduced 
J O pressure sad the second batch of suspended solid was collected by filtration, Both, 
collected solids were combined aad dried under reduced pressure to give Isomer C 
(LOg, 70%). 

Isomer C, which Is believed to have either the rlW or 2SMJ thS 
configuration (the absolute stereochemistry was not determined), was ermracterhted 
1 5 by { H«NMR, l) C-NMR» m, mass spectrometry, ehlraf HPLC and OKD, The 1R,. 
HME and MS data for Isomer Care set out in Table 2 aad the Chiral HPLC aad 
ORD data are set out in Table 4, 

20. Hydrolysis of Peak 2 to give Isomer D 

20% aqueous sodium hydroxide solution {S3 ml) was added to a stirred solution of 
20 Moshefs ester peak 2 (142 g, 4.52 mmol) in methanol (158 ml) sad the mixture 
stirred at reflux for 1 50 minutes. After eooHag water (88 at!) was added to the 
reaction mixture and the resulting solution extracted with ether (576 ml). The 
organic extract was dried over anhydrous magnesium sulphate and after filtration 
die solvent rem oved at reduced pressure. Ithyl acetate (200 ml) was added to the 
25 residue and the solution washed with water (2 x SO ml). The organic solution was 
dried over anhydrous taagiie^«.^^ ^ :: aii8r fcitipa the solvent removed 
at -reduced pressure, 

I bis residue was treated with petroleum ether (30-40 *C) and the resulting 
suspended orange solid collected by fitotion. The solid was dissolved is ethyl 
30 acetate ; hexane ( 1 .5:85) and purified by column ehrotmuography (silica, gradient 
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ethyl acetate : hexane ( ! 5:8:5) to ethyl acetate}. The iMotts of Interest were 
combined and the solvent removed at reduced pressure.; Trie residue was slurried 
with petroleum ether (30*40 ^C} and the resultirjg suspenssos chimed by filtration. 
The collected solid was dried under reduced pressure to give Isomer D as & white 
solid (0.93 g, 64%), 

Isomer D, which is believed to have eitherfee MM- 1 IbR or I hS 

configuration (the absolute stereochemistry was not determined), was characterized 
by } H»NMR, B C»NMR S IR, mass spectrometry, ehiral HPLC and ORD. The !R 5 
NMR and MS data for Isomer 1> are set out m Table 2 and fee Chirai HPLC and 
ORD data are set out in Table 4. 

In Tables J and 2, fee infra red spectra were determined using fee KBr disc method, 
Trie *M NMR spectra were carried out on solutions m deuternted chloroform using a 
Variau Gemini NMR spectrometer (200 MM?;,}. The B € NMR spectra were carried 
oat oh solutions in deuterafed cWorofonn using a Varna Gemini NMR 
spectrometer (SOMHk), The mass spectra were obtained using a Micromass 
Platferm II (ES* conditions) spectrometer. 

In Tables 3 and 4, the Optical Rotatory Dispersion figures were obtained using an 
Optical Activity FoiAAr 2001 instrument in methanol solution at 24*C 

The HPLC retention time measurements were carried out using an HP 1050 HPLC 
eluomatograph with UV detection. 
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Table I 


jDifoydrotett&benadae isomer 


spectrum 


"C-NMR 
spectrum 
(CDCi>> 


m 

Spectrum 
(KSr solid) 




Mb:;.-; 
Spectrum 
«ES") 






S47.7S; 


2950 on" 1 ; 


MH' 320 




6.57 5 iH(s); 


147.6*; 


292$ csC 1 ; 






3J4SSH{x); 


1 30.58; 


2m cm': 








mm 


2$M cm' ! ; 






t0$ IH <as); 


m.ik 






« S OH 


2.53 § 3H <m>; 


mm 

70,55; 


mi cm\ 

UM em" 5 






2.!?SM<sf>); 


57,3 S; 


1364 etn' ! ; 






§ .22 S 6R (m); 
L0251H{m); 


545 3; 
56.3 S; 


1324 em" ! ; 
S25S cm''; 




H 'OH 


&SS$6H{t) 


54.8 S; 
53.2 5; 
40,4 8; 
40.1 §; 

36.8 S; 

36:2 8; 
23.7S; 

22.9 8 


1223 $m% 
S208 cm' 5 ; 
U44 cm"*; 
1045 enf 1 ; 
1086 eta 4 ; 
820 cm*!; 
785 cm'; 
764 era"' 
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L~~~ Table 2 | 


D&ydrotetrdssjszke isomer 


J — 

ii-NMR 


1 "CN.NMR 


m 


| Mass 








5 Spectrum 
iXKBr solid) 


kpcctram i 
I (ES*> | 


isomers C and D 


§m& mi; 


| 

mi S; 


[ 

3370 cm : ; 


j MH* 320 1 




6.5$ 6 U! (»; 




[ tm cm'*; 


■ 






130.4 6; 


| 2929 cm' : ; 






3S4 56H(s); 


127.2 5; 


16 ri c«r : ; 






3.15 5 !H{m); 


it 2.0$ 

.108,3 o; 


1512 cm' 5 ; 

im cm - ' 






2.43 84H(m); 




S362 cm'' j 






LS3 6 JH (sh); 


61.2 5; 


1334 cm*'; 




OR 




$83 S; 


I2$9<m> i ; 






0.94 g 3H <<D; 


56.5 6; 


1227 cm'; 
1148 cm'';. 






A ((1*1 If (Vi t 


32.,' o: | 


1863 em*'; 




k* oh 


J 


.38.6 $ 
36.7.5; 
344 6; 
29-6 §; 
26.5 6; 

24.4 §; 

22.5 8 


1024 cttf'; 
§55 cm"'; 
7S6 cm" ! 
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T&tjlej 3 aad 4 - Chroma* 


ographv aud ORD Data 












Table 3 




Dshvdrotetraben&xiss isomer 


| Chits! IIFLC Methods and Retention Times 


ORD 
(MeOii2i :> C) 


isomers A md B 


j 


Isojtmr A 


K OH 


| Cmrex <S>VAb> {R>NEA,. 250 k 4,6 mas 

Mobile phase; Emsm : i ^dkhiometbsae : 
ethaso? (36:62:2) 


I4.t> 


Flaw: 1.0 snS mm' 


Isomer 8 


Oft 


UV: 254 «m 




h 'oh 
;:.»3?-'.nt:S 


Setemk-m times: 

Isomer A 16.6 ain 

isomers 15.3 mm 






fable 4 | 


Isomers C ssd 0 ; 


Column: 


isomer C 




Chins* (S^VAL, {R>NBA t 250 x 4.6mm 


(%! -5-1 50,9* 




Mobile pf;ss«: Hemne ; ethasstii (92:S) 
Flow: 1.0 mi mm 4 


Isomsr 0 


H OH 


UV: 254 cm 


!«:xl -145.7* 








OS 


R«mmsost "times;- 






Isomer C 20.3 tmii 




H OH 


Isomers 19.4 min 
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assay 



Dihydrotetrabenaxme is a very potent and selective inhibi tor of VMAT-2, and binds 
5 with high affinity (tM range) to this vesicular trassporier. [ 3 HJ Dihydro- 

tetrabenazine has bees. snccessfally usedior many years as a radioligand to label 
VMAT-2 m human, bovine sad rodent brain (e.g. Scherman et ah J. Neurochem. 
$(k 1 1314 IM (1988); Near «f n£ AM Pharmacol 30, 252-25? (1986); Klihoum «r 
a/. £«n J, Pharmacol 21%, 249-252 (1995); and 2ucker« Scl 69, 231 1 - 
10 2317(2001)), 

the ihnr <iihydrotelmbonazuie isomers A, B, C and !> were tested for their ability to 
inhibit the 'VMAT-2 transporter using the assay described below, 

Metho ds and Materials 




Adult rat (Wistar strain) fete-brain membranes were prepared essentially as 
15 dessribed by Chsmtet al (1993) Biochem. Pharmacol 45* 605-610. Adult fat 
striatal vesicular membranes were prepared essentially as described by Roland et al 
(W)QyPET2$3, 329-335. 10 ug Membranes were incubated at 25 e C with [ 3 H] 
dibydrotetrabenaxiBe (18-20 nM) in 50mM HEPES pH 8,0 (assay biulbr), for 60 
rainutes, and bound radioligand was collected by rapid filtration under vaenum on 
20 GF/B glass-fibre filters, "Non-specific binding was determined in parallel samples in 
the presence of 2 uM unlahelfed tetrabenaidne. Radioactivity was counted in 
scintillation fluid in a fJ-cou»ter. A fell concentration range (log and half-log units) 
of four test compounds (Isomers A, B, C and fi) were assayed (range; 10* ! 1 - 10" 4 M) 
in triplicate . Test compounds and ietrahenaane were dissolved in DMSO at a stock 
25 concentration of 1 0 asM, and dilutions then prepared in assay buffer. Three 

independent experiments were performed for each eomrxHmd. Data were analysed 
and curve fitted using the QraphPad Prisni 3,2 package. 




Results 
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Initially, m adult M-1fotzfo®m Pj-m«^ii^ , pej^tbii''pte:ot €i a/., 1993} was 
prepared and was assayed m described m ife cdgiual prwocoL This yielded a very 
low level of specific blndiag activity. 

An adult rat striatal veskalar f reparoles was thea prepared, which yielded a 
5 significant level of stable specific | 3 HJ Dihydr^etfabefetee binding sites (5-6 
pmol/rug protein}. This com^s wed with published data (Roland «? ah 2000) 
This preparation was utilised for all subsequent assays. 



XafekS - Com petitioa binding para meters for test compounds 



j Compound 


Apparent pICse 


Overall K; oM) 




Isomer A 


<4.0 

Two site fit 
~5.9B±0.33 
<-4.0 


— 

< 5,900 


-0.4010,08 
% sites 
47% 
53% 


Isomer B 


-5.63 ± 0.05 
Two-site lit 
•5.15 ±0.11 
-7.13 ±0,26 


139 ±30 


4,52 ± 0,06 
% sites 
74% 
26% 


Isomer C 


~€32 ± 0.02 




-0.77 ±0.07 


Isomer 13 


-5.13 ±0.07 


440 ±23 


-9,7210.05 



Data are mears i SD for three independent experirneats. Kj values were determined 
0 based on a published rat striatal K« value of L2 aM (Roland et al, 2000). 



The overall pharmacological profile in terms of overall Ki values is Isomer C > 
Isomer B > isomer D » isomer A, 

Notably, both isomer B and isomer A yielded shallow eompebtioa curves, which 
were best fitted to a two-site binding model 



M 

Isomer A displayed a high affinity (K, 5 - 59 hM) aM low affi»ity she (K{ < 5.9 uM 
affinity), each contributing to approx, 50% of the tots! sites. This may indicate that 
Isomer A can differentiate between diifersat striata! VMAT-2 binding sites. 

EXAMPLE 4 

5 VM AT Fnac iiona j. . Assav s 

A , . . V M AT2 . functional Assay 

Rat striatal synaptic vesicles were prepared essentially as described iri Example 3. 
Thus, a rat striatal P? membrane preparation (Chassot et al. t 1993) was resuspended 
•and homogenised in ice-cold distilled water. Osmolality was restored by addition of 
1 0 25 mU HEPES and 1 00 mM potassium tartrate (pH 7,5, 4C). The preparation was 
then eenirifuged for 20 minutes at 20,000 x g (4 *€). The resultant S3 fraction was 
removed, magnesium sulphate was added (to give a ffuai concentration of I mM, 
pE 7.5, 4 °C), and the mixture was centrifuged at 100,000 x g for 45 minutes. The 
final fraction contains the synaptic vesicles for lite assay, 

1 5 An aUqnot of 1 00 pj (approx. 2,5 pg protein) of synaptic vesicles was preiucubated 
with increasing concentrations of test compounds £ and B (prepared fresh as a 
stock of 10 M in DMSO) fnr 30 minutes (concentration, range Iff" M ~ JO"* M), 
and then for 3 minutes is (fee assay buffer (25 mM HEPES, 1 00 mM potassium 
tartrate, 1.7 mM ascorbic acid, 0.05 mM EGTA, 0.1 mMEDTA, 2 mM ATP-Mg 2 *, 

20 pM 7.5), in the presence of \ 3 M} dopamine (30 nM final concentration) at 30 *€. 
The reaction was then terminated by addition of ice-cold buffer assay buffer pH 7.5, 
containing 2 mM MgSCX* instead of 2 mM ATT-Mg *\ and rapid filtration achieved 
through Whatman filters soaked In 0.5% polyemyleneumne. The filters were 
washed three times with cold buffer using a Brandel Harvester. The radioactivity 

25 trapped on the filters was counted using a liquid scintillation counter and non- 
specific binding was determmed, : by..me^it^g;:'V«sieukr [ J H] dopamine uptake at 4 
*€. The method was based on that described is tlgarte ¥¥ et si (2003) Eur. J, 
Pharmacol. 472, 165-171, Selective ¥MAT-2 uptake was defined using 10 pM 
tctrabena?ine. 
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Both Compound. C parent 1% ™ jl and Cdmpoafcd B (apparent ICse 

30 ± 3 xM) inhibited fU} dopamine uptake into mtsMaml vesicles via the YMAT- 
2 transporter with fictional affinities (profile € > B) similar to their respective 
binding affinities detemirted Mng fee [ 3 Hj Dilt^tetobenazine binding assay. 

B, VMATi fanctioBajjjjgav 

There are very limited native toes which possess VMATl alone, w isolation 
.from VMAT2. However, tetrafeenaatne displays at least a 200-fold higher affinity 
for VMAT2 in comparison to VMATl, and this discrimination can be used to block 
dig influence of VMATl in the functional assay (Erfcksen st al (1 996) MAS 
{{JSA} tt, 5166-5 111). Adrenal ctemaffin cells were Isolated from young adult SB 
rats essentially as described in Moshharov et at Qm^JNmmscL 23, 5835^5845. 
Thus, adrenal glands were dissected in ice cold PBS, the capsule and cortex of the 
glands removed and d?e remaining medullas wore minced. Ate multiple washes 
with FES, the issue was incubated with O&Mifcee eoiiagenase I A solution 
(250UM) for 30 minutes at 30 °C with gentle stirring. The digested tissue was 
rinsed tee times ami fee dissociated cells were eennifuged at 3000 rpfii to form a 
pellet, wMeh was tesuspended In PBS. The vesicular (taction was isolated in an 
identical fashion to that described for the brain preparation, 

100 pi (approx, 2. 5 pg protein) of synaptic vesicles were preineubaied with 
Increasing concentrations of test compound (prepared as previously described for 
binding assay) .tor 30 minutes (eventration range 18'* M ~ 10"* M). The assay 
was performed for 3 minutes at 30 *G in me assay buffer (25 mM HEPES, 1 00 mM 
potassium tartrate, 1,7 i»M ascorbic acid, 0.05 mM EGTA, 0.1 mM EOTA, 2 mM 
ATP-Mg 2t s pH 73% in the presence of f H| dopamine (30 aM final concentration). 
[ ' H] dopamine uptake was measured in the presence of 10 «M tetrabenaxine 
(selectively blocks VMAT2 at this eone^mrafion). Nonspecific uptake was 
determined by measuring vesicular dopamine uptake at 4 X, The reaction was 
then terminated by addition ci:tmrmld^&t ; ^my-^^s pH 7.S, containing 2 
mM MgS0 4 iostead of 3 mM ATB-Mg 2 * and rapid fikraiion aehfeved throngh 
Whatman fibers soaked in 0.5% polyethylenehnme. The filters were washed three 
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tunes with, cold buffer using a Br&ndel Harvester and the radioactivity trapped on 
the filters was celled using a liquid mmtilhtim counter. 

In the presence of 10 jtM Tetrabena:dne t beta Goffipound B and Compound C 
poorly Inhibited [ 3 H| dopamine uptake, the ICsa vateeslseiug greater than !0~ 5 M for 
bosh compounds. This indites .taatltolbi c&^tiads kave a Jow affinity for 
VMAT-L Moreover, the data show that both compounds have at least 2-orders of 
tnagrsltude selectivity for VMAT-2 over VMM-l. 

EXAMPLE 5 

Receptor and Transp orter Protein. Binding Studies 

The four dihydroietrahenazijie isomers A, B, € and D subjected to specific binding 
assays to test their ability to bind to the receptors and transporter proteins described 
belo w. The results are set out in Table 6 

(a| Adrenergic Reeeptsr; 

Reference: &. Uhlcn etalJ, Pharmacol Exp. Ther. ,271:1 558-1565 (1994) 

Source: Human recombirsant insect Sf9 cells 

Ligand: 1 nM [ 3 H] M.K-91 2 

Vehicle; 1% DMSO 

fasitbation time/Temp: 60 minutes @ 25 °C 

Incubation buffer: ?5mM Tris-HCL pH 7.4, 12.5mM MgCi 2> 2mM EDTA 

Non Specific hgasd: lOpM W8-41G! 

IQ: 0.6 nM 

B Hm : 4.6 pmok/tug protein 

Specific, binding.: 95% 

Quantitation method: Radioligand blading 

Significance criteria; > 50% of maximum stimulation oi- inhibition 

(b) Adrenergic ®m Receptor: 

Reference: S, tibfen etM^Mm-S PMrmacoL,M (1): 93*1-1 (1 991) 
Source; Human recombinant CHO-K 1 cells 
ligand: 2,5 nM [3H] Rauvvolscine 
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Vehicle: I%DMSO 

Incubation lime/Imp; 60 mimnes @ 25 °C 

isicahatioa buffer: SO mM Trls^HCI, I xtM EOTA, 12.5mM MgC^ pH 7,4, 
0.2%BSAat25 o C 
5 Non .Specific Mgand; 10 uM Prazosin 
K si : 2.1 tM 
B Km: ; 2.1 pmofc/mg protein 
Specific binding: 90% 
Quantitation method: Radioligand binding 
10 Significance criteria: > 50% of maximum stimulation or inhibition 

(c) dopamine Dj Receptor; 

Reference: Deanry. «r? aiyh'&hiMt 347:72-7$, (1 990) 
Soutftse: Human recombinant CHO ceils 
Ugand: 1 A tM {3HJ 8CH-23390 
15 Vehicle: !%DMSO 

Incubation time/Temp: 2 hours {§> 37 c € 

Incubation buffer: 50 mM Tris-HCl pH 7.4, 1 50 nM NaCl, 1 .4 aM aseorhk 

acid, -0,001% 8SA 
Nor Specific ilg&ad: 10 pM (H-)-butscIa.tno! 
20 K# 1.4 tM 

B mx : 0.63 pnioie/mg protein 

Specific binding; 90% 

Quantitation method: Radioligand binding 

Significance criteria: > 50% of maximina stimulation or inhibition 

25 (d) Etopamia* I>jj, Receptor: 

Reference: Bunzo #/ «/. , tfaftire, 336:783-787 (1988) 
Source; Human recombinant CHO cells 
Ligand: 0 . 1 6 xM [3H| Spiperone 
Vehicle: i%DMSO 
30 bicnbation time/Temp; 2 bows @ 25 -°C 
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fecubaisos bolfer: 50 mM pH 7>4> ISO nM 19a€L i A tM ascorbic 

acid, 0.001% %$& 
Non Specific ligand: 10 pM Haloperidol 
t& 0,08 nM 
B JW : 0.48 pmoleuug protein 
Specific binding: 85% 
Quantitation method: Radioligand binding 
Significance criteria: > 50% of maximum stimulation or inMbitiea 



(e) Bopamtae Bj Reeeptor : 

10 Reference: Sokoloff et at. Nature, 347:146-1 51, (1990) 

Source: Human recombinant CHO cells 

Ligand: 0.7 nM [3H] Spiperone 

Vehicle; l%DMSO 

incubation time/Temp: 2 hours @ 3? *C 
15 teeybation buffer: 50 mM Tns-H0 s pH 7>4, ISO nM NaCt 1 ,4 nM s^orbic 

add, 0.001% BSA 

Men Specific ligaad: 25 uM S(-)-SulpirMe 

Ksi; 636 tM 

: Saa»t 1 • 1 pmole/mg protein 
20 Specific binding: S5% 

Quantitation method: Radioligand binding 

Significance criteria: > 50% of maximum stimulation or inhibition 

(I) Imidazoline t% (Cmtmi) Reetpton 

Reference: Brown e? al f Brit I Pharmacol, 99:803-809, ( \ 990) 
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Source; Wistar nut cerebral cortex 
Ligaud: 2 uM [3HJ Sd&zox&n 
Vehicle: mm&Q 
Incubation time/Temp: 30 titiautes {$ : 25*Q 
Incubation buffer; 50 mM Tris41CI, 0.5 i»M EDTA, pH 7.4 at 25 °C 
30 Eon Specific tigsod: 1 pM M«mt$& 
K(j.: 
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B««x? 0. 1 4 pmole/mg protein. 

Specific binding: 85% 

Quantitation method: Radioligand biudibg 

Significance criteria: > 50% of maximum sumulatiss or inMMtibh 

5 (g) Sigma «j Rcecp t»n 

Reference: Oaaapatfay et at. ? FkarmacoL Exp. Tker. f 289:25 1 .260, {1 999) 
Source : Human jurfcat cells- 
Lagand: 8 nM £3Rj Hafeperidol 
Vehicle: 1%0MSQ 
10 fcicabatioa itme/Temp: 4 hours @ 25 *C 

Incubatkm buffer: 5 mM K2HF04/KB2P04 buffer pH 7.5 
Hoa Specific Hgarsd: 10 ,uM Haioperidol 

% u m 

B„ : ,, x : 0.71 pmo1e/m§ protein 
15 Specific binding: 80% 

Qu^tiMoppethod: Radioligand binding 

Significance edbria; > 50% of maximum stimulation -or inhibition 

{¥) Sigma « j Hector; 

Reference: Hashimoto a£ , Eur. I Phammtil , 236: 1 59-463, (1 993) 
20 Source: Wistar rat brain 

Ligand: 3 nM [3HJ Ifenprodil 

Vehicle; !%DMS0 

Ineubation time/Temp; 60 minutes % 37 S G 

Incubation buffer: 50 mM Tris-HQ, pM 7 A 
25 Non Specific iipad: 10 p:M ifenprodii 
4.8 nM 

iW: 1 .3 pmole/mg protein 
Specific binding: 83% 
Quantisation method: Radioligaad bindmg 
30 Significance criteria: > 50% of maximum simulation or lafelbitio» 
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{1} Serotonin Transporter (S.ERT); 

Reference: QuetetL, I Bml Chem. > 269(10}:7i24^l3{i > (1994) 
Source: Human reconsblssiii HEK-2$3 sells 
tigaad: 0. 1 5 nM [! 23fj RTb-55 
5 Vehicle; 1%DMSO 

Incubation time/Temp: 3 hours %4.°Q 

Incubate buffer: 100 mM NaCI, 50 mM Tris HC1, 1 pM Leupeptui, 1 0 pM 

FMSF, pi! 7.4 
Noa Specific ligand: 10 pM Smipramme 
10. K$ QAltM 

B m8 > ; : 0.41 .praole/mg protein 

Specific binding: 95% 

Quantitation method: Radioligand binding 

Significance criteria: > 50% of maximum stimulate or iahibMon 

15 (j) !>$|mmiue Transporter (BAT); 

Reference: Girds et al. Trends Pharmacol Scl, 1 4, 43-40 {1993} 

Go etaLJ. Bhl Chem., 269(10):? 124-7 130 (1994) 
Scarce; Human recombmantCHO cells 
Lig&rM: 0, 1 5 nM \ n H] RTI-SS 
20 Vehicle: 1% DMSO 

Incubation time/Temp: 3 hours @ 4 *C 

tabation buffer: 100 mM NaCl f 50 mM Tris HO, 1 uM Leupepria, 1 0 pM 

PMSF, pH 7,4 
No« Specific Upnd: 10 pM Nonrifcnslne 
23 K*>, HSBtM 

Bmot 0.047 pmok/mg protein 

Specific binding: 90% 

Quantitation rnethcdi Radioligand blading 

Significance criteria: > 50% of faaxiaiurn s&s«Mfes or inhibition 

30 
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Percentage ishlbMan by t&pM Solntie)^ oflMhydEotetrabejiaziEis isomers of 
Specific Binding at Receptor and Transporter .Proteins 
(ICj!) valne, where meast»ed s Is m parentheses) 



Receptor/Protein 


1 Isili^^r A 

j *'3 , .Wjt*A*i'A: v X 




isomer c 


isomer D 


(a) a 2A Receptor 


86 


| 12 






0>) «3B Receptor 


44 


14 


-7 


<o 


(c) Dj Receptor 


78 


X 


& 
w 


is 


(d) Djj. Receptor 
<«) Oj Receptor 


87 


16 

X W 


.~w-,.V,.......— 


5© 


69 


7 


9 


63 


(0 h Receptor 


74 


S 


0 


55 


(g) o s Receptor 


48 


82 


59 


82 


(h) 02 Receptor 


64 


64 


61 


69 


(i) SERT 


19 


§6(0,35) j 


77 (2.75) j 


8 


0) DAT 


3 j 


4 j 


-2 | 


7 ! 

. J 



EXAMPLE 6 
Engyme Assays 

Isomers B and C were tested for their ability to Msibit enzymes involved in the 
processing of monoamines so ti Cffi, Mmely Catechol O-Methyl Transferase 
CCOMT), Monoamine Oxidase A and Monoamhm Oxidase B. The assay methods 
used are described below and the results are set ont In Table 7. 

MCsteeM O-Merisyf T rgnsferase fCOMT) Mri bMion 

Source: Porcine liver 

Substrate: 3 mM catechol + S-adeoosyii^ 3 Hjmethfomoe 

CAMPOS) 
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Vehicle: \% DMSO 
PnMseab&tioa time/Temp;; None 
Incubation lime: 60 minutes % 37 °C 

.Incubation buffer 190 mM potasskm phospaie. H)mM MgCij. 3 sM DTT 
5 c©»taiaing 12 usitsMf adora>sdne deaminase, pH 7.4 

Quantitation method: Quantitation of ] 3 M] pkeoL 
Significance criteria: > 50% of maximum stimulation or inhibition 

Source: Human recombinant 
10 Sabsteate: 50 uM kyimraxmns 

Vehicle: 1% DMSO 

Preincubation mno/?emp; 1 5 minutes 37 "C 

Iheuhatlon. time: 60 minutes <a| 37 *C 

Incubation buffer; 1 00 mM jCHaPO* pM 7,4 
15 Quantitation method: Speettofluorimetric quantitation of 4-hvdroxyquinollne 

Significance criteria; > 50% of maximum stimulation or inhibition 

te) Meauammc Oxidase MAO-B labifeitkm 

Source; Human recombinant 
Substrate; SO pM kynuramine 
20 Vehicle: 1% DMSO 

Pre-incubatiou time/Temp; 1 5 minutes @ 37 %' 
Incubation time; 60 minutes (?| 37 *G 
Incubation buffer: 1 00 mM KjHb>F0<> pH 7.4 

Quantitation method: Spectxof>uorimetric quantitation of 4diydroxyqulnoiine 
25 Significance criteria; > 50% of maximum stimulatiou or inhibition 
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Table 7 



Percentage Inhibition of Ensyme Activity by 10 oM Sol utions of 
Pi|iydi»i«traben83Kme isomer 



Enzyme 


Isomer A 


Isomer B 


Isomer C 


isomer D 


(a) COMT 




42 


-22 




(b) MAO- A 




3 


3 


j 


(c) MACkB 




-5 


-5 
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Cellular Assays 

5 The ability -of Isomers B and C to inhibit uptake of serotonin (S-hydroxyirypiaffikg;) 
by hixmm embryonic kidney ceils was measured using fee fol lowing assay 
conditions: 



Target: 
Vehicle: 
10 incubation Tune/Temp : 
incubation bufe: 



15 Significance criteria; 



Results 



Hum.au HEK-293 cells 
1 0 minutes 25 °C 

SmM Tris^BCI* 7.5 mM HBPES, 1 20 mM NaCL 5.4 
mMJCCl, L2 iaM GaCfc, 1.2 mM MgSO*, 5 mM 
gl ucose, 1 mM ascorbic acid, pH 7,1 
Quantitation of [%] serotonin uptake 
> 50% inhibitiorj: off-HJ serotonin uptake relative to 
fluxed ne response. 



Compound B was shown to be m antagonist mi produced S6 % inhibition of 
serotouin uptake at a coneemratioa of 10 ||M. Compound 8 bad an IC^ of 733 
20 uM 
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Compound C was also shown to be an antagonist and produced 86 % inhibition of 
serotoass uptake at a concentmtfon of 10 pM. Compound B had ah IC S8 of 1,29 

:.lM 

5 S-BT p ^* Binding Assay 

The abil ity of Compound 8 sod Compouj&iC to bind to 5-HT um& receptors was 
tested using an assay based on the one described by Millaa, Ml «?r «/, (2002) 
Pharmacol Biochem. Behav. 73, 589-598, |N-raethyl :> H] OR- 125743 was used as 
the radiolkgaad for both S-HTjd apd 5-HTtB receptors. Adult SB rat forebmn Pj 

10 membranes (Chaise* et al., 1993) were! used for the assay. The assay buffer used 
was SO mM Trjs-HCI pH 7,7 at room temperature containing 4 mM calcium 
chloride, 0.1% ascorbic acid and 1.0 pM pargyllne, 3-HT (10 pMj was used to 
define :non-specifte binding, Incubation with 1 nM ( 3 H| GR- .125743 was carried 
out for 1 hour at room temperature, and the reaction was terminated fey rapid 

IS filtration using a Brandei Harvester through GF/B filters pre-soaked in 0* 1 M 
polyethyleoehmoe, followed by three washes wife ice-cold buffer (supplemented 
with 0,1% BSA). A dose range of iO—IO^M was utilised, TM resultant 
competition corns were analysed using fee GmphPad Prism 4 package. 

Both compounds B and C displayed poor displacement of [ 3 Hj [N-methyi] GR- 
20 1 25743 binding to rat fore-brain membranes (ICjo values > 1 0" 4 M), suggesting that 
both B and C hsvea low affinity for S~HT x m receptor. 

EXAMPLE 9 

jMer mlmtian, Of The .Imestirial Permeability of Dihydt otetrabenazj ne isomers A. 
B, € and D using The Caeo-2id3sorptioj| A$say 

25 The Caeo-2 absorption assay is a weibestabiisned system for the in vitro estimation 
of in vivo Intestinal absorption of drop - see Meuuier et ol , Ceii Biology and 
Toxicology, !!:! 87-194, Wlissf &i,€etf Bi&hgy andlmdcohgy, 10:393-397, sad 
Ores et ol , 7VW Sc% i5f5):726»732. 



The assay relies on the ability of Gaco-2 cells to diffeutiate imo enteroeytes when 
cultured on a .micropores Slier for a period of apfm^imately 21 days. During the 
culture period, the Caco-2 cells un^go spoMansous morphological and 
biochemical changes, which produce a polarisied raoaof aver with a well-defined 
brush border on the apical surface, as well as tight cellular j unctions. Therefore, 
these ceils- may be used as m 'fa vtiro model for the analysis of drug permeability. 

Absorption across the Caco-2 moaofayer can be measured In two directions: 
apleal-io-hasoiateral or hasolaterai-to-apieal, by adding the compound to the apical 
or die basolateral chamber, respectively. At various time-points, samples are 
collected from the reeel^r-ehamber for analysis for the rate of absorption as 
measured by the apparent permeability coefficient (Papp) across the monolayer. 

The P&pp value reflects a combination of the test article permeability through both 
traasceihdar (through ceil membranes) and fee paraeellukr (across the tight 
junctions between the ceils) pathways. The relative conmhytiou of these pathways 
depemls upon the pKa ? partition coefficient (log D), molecular radius, and charge of 
the test article at a given pH. Papp values can then be used to rank-order 
compounds for their permeability through Caco-2 monolayers. 

The apparent permeability coefficients (Fd$s) of the four dlhydretetmbenaKme 
isomers A, B, C and D at 50 pM were determined using the Caco-2 absorption 
model and tanked in relation to reference compounds of low, medium and high 
permeability. The radio-labelled reference standards mannitof (low), salicylic acid 
(medium) and testosterone (high) were used to establish a rank order of 
permeability. The Papp value of each dihydmtotxabenazine test article was 
estimated by measuring its concentration m the donor and receiver compartments 
after 1 hour. Absorption was deterrnhied at pH 7,4 across ceil monolayers in the 
apical 40-basolateral direction. Caco-2 celkased to estimate Papp values were 
grown for 2b days on Transwell inserts in 1 2~weii plates. Monolayer integrity was 
verified before and after the absorption assay by the methods of trenseplthellal 
electrical resistance (Ohm-cm 2 ) and Lucifer Yellow, 

Materials and M ethods 
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Stock solutions of mannftol, salicylic acid and testosterone were prepared in 
methanol at 50 nM. OothrdayoFtfee assay, the reference standards were diluted in 
Hank's balanced salt sommm {HBSS), pE 7.4 to a final concentration of 50 uM. 
Radio-labelled i4 C-mmmtol J H-Wst*K>3ie and '^-salicylic acid were then added 
5 to their corresponding un-labelied media to tee a inai specific activity- of 0.3 5 - 
(iSS uCiA»L. I^vdrotstrafeetytaine isomer sarm>les we prepared ai a 
concentration of 50 mM w DMSO. Eat* stock solution was further diluted m 
HBSS buf&r CpH 7.4) to a final working concentration of SO #M 

Use Caco-2 ceil suspensions were prepared as Mfows, One vial of Caco-2 mltlal 
1 0 eel! ID No. Caco-29-O§0299 from passage number 29 (American Type Culture 
Collection (VA, USA) was thawed and put in culture in a 1 50 em 2 flask containing 
Caco-2 culture medium. At cououency, the cnimre medium was removed and cells 
were washed with 5 ml of PBS, Cells were detached following the addition and 
incubation with 0.25 %-irypsin-BDTA (2.0 ml per flask) for approximately 10 
1 5 minutes at 37 % Detachment of ceils was monitored under a microscope and 
stopped by the addition of i 0 ml of Cacu-2 suto medium. Ceil viability and 
concentration were assessed by the trypan blue exclusion method. Once the cell 
density and viability were determined, Caco-2 .cells were diluted in culture, medium 
to a final working concentration of 2.0 x 10 s cells/ml The Caco-2 culture medium 
20 contained Duibeccp's Modified Eagle Medium, 1 0% fetal bovine serum, 100 u.M 
non-essential amino acids, 100 XJM penicillin and 100 Mg/ml streptomycin, 

Costar polycarbonate membranes (0.4 urn pore size) were pre-eqoliibrated with 
Caco-2 culture medium for 1 hour in a 37 a © wate^aeketed incubator with 5% 
COj. The content of the apical chamber was removed and replaced with 500 «! of 
25 Caco-2 cell suspension (200 000 ceilsTml). Cells -were further mainlsined in culture 
for 26 days in a 37 °C water^aekeied inermater with 5% COj. 

Prior to the assay, all monolayers were washed twice wim HBSS and their 
traosepithelial electrical resistance (TEER) was measured with a Milileeil-ERS 
meter, TEER values obtained in the absence of cells were subtracted as background 
30 signal. Only monolayer with TIER values over 150 Ohm-em 2 were used for the 
absorption assay experiment. 
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All absorption experiments were conducted in triplicate at pli 7,4. The rate of 
absorption of each reference standidLiHjd: <lfey!faoiieftal>e'aa2t«e test article was 
assessed lis the apieal4o~h8soiaterai direction. Aliquots (100 jjtl) of each working 
solution (j?efefe»ce standards adt'tesl articles at 50 aM) were set aside at the 
beginning of the assay for the determination of the initial concentration (C 3 ) , 
Absorption experiments were MitiaM by reccing ths content of the donor 
chamber with §00 ,ul of Hanks Balanced Salt Soluften containing test articles or 
reference compounds. Cells were returned to the C0 2 incubator for the absorption 
assay. Samples of 100 ul were collected from the receiver and donor chambers after 
I hour w4 were used to determine the percentage of recovery. Radio-labelled 
reference standards, mann&ol, salicylic acid ami testosterone were used as quality 
controls and for the comparative .ranking oMhydrotetrabenazine test articles. 

At the eodof the absorption experiment, the integrity of each, ceil monolayer was 
assessed by monitoring the leakage of inciter Yeilow from the apIeal»to-baspiaterM 
side. All solutions were removed from the apical and teolaferaj chambers. The 
feasbiaterai chambers were replenished with 1.5 ml of fresh HBSS, while the apical 
chambers were filled with 0.5 mi of 120 ug/ml Lucifer Yellow solution. Cells were 
returned to the incubator for a period of I hbnf, after which samples of 100 ul were 
collected and quantified spectrophotonteMcatiy with the SpectraMsx MQPC-pkte 
reader at 428 am. 

A volume of 20 nl of each radio -labelled sample was added to 10 ml of scintillation, 
cocktail (ScintiSafe 30%) and counted tor up to 5 minutes with a liquid scintillation 
analyzer ( 1 900CA Tri-Carb). 

Caco-2 cell incubations were analyzed for die presence of dihydrotetrabena&ine 
using a liquid eiirornatograph^ (LC-MS/MS} method. 

The apparent permeability coefficients were ^ calculated using the equation 
Papp - dQ/dt x If Ax 1/C e (etn/sec) in which dQ/dt is the rate of diffusion of 
compound (ug/see or integration area/sec}, A Is d» total cell membrane surface 
area (era*) and Co is the Initial concentration (j*g/m t or integration area/sec). 
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The apleaRodmsolaieral Fsppvdms of the different d%dmtetral^M^e test 
articles were compared with the Papp values determined ior the reference 
standards. The results are shown fe table 8. Compounds C, D and A of 
dihydrotettabenaxme have a respective Fapp v&\m ®i K 2 L 14 x Iff* 24 J? x 10* sad 
."5 25.52 x IS* cas/sec, which is comparable to; the tesfosterone reference standard. 
Compound B has & Papp value of 0 .98 x W^mfmc, which is similar to the 
salicylic acid reference standard. 



X&bleS 



1 C«S!Sp0«S«5 

Nsun* 


Dsrsdkm 


IEEE 


j ¥eltov 


Recovery 
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40?±22 


1.02 
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A«io-8 




0.28 


105-0 ± 10,6 


20. SO ± 7 0S 


Compound B 


A-te-B 


30*15 


BLQ 


90.1 ±6-5 


! 108 ±5.26 


Compound € 


A-io-B 


m± \4 


BLQ 


101.5 ±12.4 


2 1. 14* 8.65 


Composed X> 


A4s>«B 


4)4 ±34 


BLQ 


i 00,5 ±23.8 


i40±HM 


Compound A 


A-to-B j 




BLQ 


!06.$.f7,9 


25,52 ± 5.02 



Compounds C, B and A have a value close io the testosterone value, 
1 0 indicating that these compounds have high pensseability m the caco-2 model 

whereas Compound B has a Pgpp value between the salicylic acid and testosterone 
values, indicating that it has ^.j^pffi;|«p»«?^ait3?,ift the Caco-2 model. These 
results suggest that the tour dihydrotetrateaziae isomers skmM he highly 
absorbed through the imesfiaai ephhelinrn in vim. 
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Li). Tablet Formulation -I 

A tablet composition containing a di'hydrotetmi^iwine of tfce invention is prepared 
by mining 50mg of the dihydRjieiTabasraBC wife !§?mg of lactose (BP) as 
diluent and 3mg magnesium staatate as a lubricant and compressing to form a 
5 tablet in known manner. 




A tablet composition containing a dihydrotetrabenaxbe of the invention is prepared 
by mixing the compound (25 mg) with iron oxide, lactose, magnesium stearate, 
starch maize white and talc, and compressing to form a tablet in known manner. 

10 (nf) Capsule Formulation 

A capsule fhmmlation is prepared by mixing HXbng of a dihydmtetsabenazine of 
the invention with lOOmg lactose and filling the resulting mixture into standard 
opaque hard gelatin capsules, 

|nj|| ya|mts 

15 It will readily be apparent that numerous modifications and alterations maybe made 
to the 'Specific embodiments of the invention described above without departing 
firom the principles underlying the invention. All such modifications and alterations 
are intended to be embraced by this application. 
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2. 3,1 Ib-cH'-dlhydroisirsbenteisw in safeslaMisily p«re fhna, for example at an 
Isomeric purity of greater timri 90%>. typieallj 5 greater than 95% arid more 
preferably greater than 98%. 

3. A composition comprising 3J Ib-tfi^dihydrofetiabesazme substantially free 
of 3,1 Ib-jfrnat-dihydtotet^al^ftadrte, preferably coniaimng less titan 5% of 
3,1 Ib^'m^^dlhydrotetraberiazke, more preferably less than 3% of 3,11 h- 

^>^^ rt ^3^^ OCv^i-v-Xj^ iXlvS^? t^O^y * yf} Oif il^ 1 "* 

fwnMlihydrotetrabenaxine. 

4. The 2$3§i ! I hR isomer of 3>.i 1 h<ttxlihydrofetrabenazme having the 
foimtda (ia): 



cap 



HT 



5. 



The 2R3MA IbS isomer of 3,1 Ib^KMiihydmtetrabenazhie having • 
ibrmola (lb); 

3 H v i ,H I 



(lb) 



The 28 s 3S4ibJ? isomer of 3,1 Ib^^dihyds'otetrabertazine having the 
formula t ie); 



CA^iQtOS) 



i ! V 
i s i 




OH (k) 

The 2S»3^ I \bS isomer of 3,1 l : ^<^^(jbg?#otetrabeeaziae having the 
formula (Id): 

H 




8. A 3, 1 1 b-c«-dihydrotetrahenazitte isomer having an ORD [etnj value of 
-1 146 s when measured ia methanol at 2PO, 

9. A 3j 1 h-^-fof-dihvdroletTabenazirse isomer having an ORB [%] value of 
f 109.7° when measured in methanol at 2i*C. 

10. A 3. 1 1 b^iv«dihydsotetrabe.naxiae Isomer having an ORD value of 
•M 30.9* when measured la methanol at 2 PC. 

1 1 . A 3,1 1 b-ors~d ihydrotetrabenaxioe isomer having aa. ORD val ue of 
-145,?° when measured in methmoi at 21 0 €, 

12. A dihydrotetrabeaaziae isomer having the spectroscopic characteristics set 
out ia Table 1 herein and the ctomaiographie and ORD characteristics set 
on! in Table 3 herein, 

1 3 . A dihydrotetrabenaKirie isomer haviagihe spectroscopic characteristics set 
out in Table 2 herein and the chromatographic and ORD characteristics set 
out at Table 4 herein. 
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Dihy4iK5tetrabe»aafe«iscm^ A Imisg the spectroscopic elmracterisites set 
out In Table I herein and the ehromatogmphie and ORD chanjcteristks set 
out; 83 Table 3 herein, 

Dihydrotetrahmanne lso^B\!m«ii|-i8?'^«*ttoscopfc characteristics set 
out m Table 1 hereta and: i&e-c^wat^^aae-.^ORD characteristics set 
out in Tabic 3 herein, 

Dihydrotetrabenasdne isomer C having &e spectroscopic characteristics set 
out in Table 2 herein md the chromatographic and ORD chamcterislics set 
out in Table 4 herein. 

.Dihydrotetrabenaame isomer D having the spectroscopic characteristics set 
out is Table 2 herein and the chromatographic and ORD characteristics set 
out is Table 4 herein. 

A dihydrotetrabenasine as defined m any.oae of the preceding claims fox 
use In medicine or therapy, .for example in the treatment of hyperkinetic 
movement disorders such as Huntington's disease, hemibaiiismus^ senile 
chorea, tic, tardive dyskinesia and Totiretie's syndrome, or the treatment of 
depression. 

A pharmaceutical composition comprising a dihydroteirabenaxine as 
defined in any one of claims I to 17 and a pharmaeeotieaiiy acceptable 
carrier. 

The use of a dihydrotetrabcnazine as defined in any one of claims I to 17 
for the manufacture of a medicament tor the treatment of hyperkinetic 
movement disorders such as Hnntington's disease, hemlb&liismns, senile 
chorea, tie, tardive dysk- swsia ard Tourette's syndrome, or the treatment of 
depression. 

A method for ti» prophylaxis or treatment of a hyperkinetic movement 
disorder such as Huntington's disease, hemiballismus, senile chorea, tic, 
tardive dyskinesia and Tonrette's syndfOme, or the treatment of depression, 
in a patient in jRe$4€^.^^ ; pr»|^y : ^isvor:^tmm%''^1»ch method 
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22, 

5 



10 23. 
15 

24. 

20 

25, 



comprises the administration of mi efetive prophylactic or therapeutic 
ampant of -a dihydrntetrabefc^tss-ass defined in any one of claims I to 17. 

A process tor pt^pmn^j^^o^sStmm^ as defined m my one of 
claims I to 1 7, which process comprises His reaction of a compound of the 
formula (If): 



with a reagent or reagents suitable for hydraiing the 2,3~double bond ia the 
compound of formula (II) ami thereafter where required separating and 
Isolating a desired dihydro&trahenayine isomer form . 

A process for preparing & dihydrotetrabeuazme as defined in any one of 
claims 1 to 17, which process comprises subjecting a c ompound of the 
formula (ill): 



to conditions for ring-opening the 2>3-«poxide group in the compound of the 
formula (TO), and thereafter where required separating and isolating a 
desired dihydrotetrahena^me isomer form. 

A process for preparing a compound of the formula. (Ill) as defined in claim 
23 which proems comprises reacting art alkene compound of the formula 
(II) as defined in claim 22 with ap oxidising agent (such as a peroxy acid) 
srdtable for forming an epoxide group, 

A process for preparing* compound of the fomuda (11) as defined in claim 
22 which process comprises dehydrating a 3,1 l-P^?-dihydo>iiMrar>eaa2ine 
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with a tfehydrsikg ageist mch as a phospteii^ &aHde or pfeospboras 
oxyh&Me, 



26. A compound of the formula (II): 




27. A compound of the formula (10): 

CH,0 N -' ^ 



(lit) 



28, A Mother's add ester ofa. compound as defined m my one of claims I to 
17. 
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